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Based on data of ants that were surveyed by the same method in the Gwangneung forest in 1993 and
2009, inﬂuences of climate changes on ant fauna were examined. If temperature in a region is lower than
the optimum temperature, then the occurrence of the species increase as temperature rises; and vice
versa. As temperature rises, it will be more advantageous to the species with high optimum temperature
than the species with low optimum temperature. The optimum temperature, therefore, will have a linear
relation with change of occurrence. In this study, two hypotheses were examined. Although signiﬁcant
difference was not found, the decrease expected group (with lower optimum temperature) decreased
more in occurrence compared with the increase expected group (with higher optimum temperature). A
highland dominant species, Myrmica kotokui, occurred in 1993 but did not occur in 2009. Comparison of
ant fauna between 1993 and 2009 indicate a possibility of inﬂuence of climatic warming, but this ﬁnding
was not proved statistically.
Copyright  2014, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. All rights reserved.Introduction
The temperature of the earth is now rapidly rising. Increase in
CO2 emission caused by combustion of fossil fuel and forest
destruction has a close relation with recent rapid rise in tempera-
ture (IPCC, 2007). The rise in temperature is making great changes
in the biosphere. It was reported that the distribution of life was
moving to the poles, the phenologies were changing, and some
species decreased or rapidly increased by changes in interspeciﬁc
interaction (Parmesan and Yohe, 2003). Due to these rapid changes,
mass extinction of species was predicted (Thomas et al., 2004).
Concerns on climate changes have been growing and the results of
many researches on climate changes have been reported in Korea
(e.g. Choi et al., 2011a). Due to deﬁciency of past data, few re-
searches were actually conducted on effects of climate changes on
life in South Korea. Kwon et al. (2002) reported that pine moths
which used to occur once occurred twice in a year in the middle of
1990’s. Choi et al. (2011b) reported that this phenomenon had a
close relation with temperature rise in 1990’s. Comparing the case
of butterﬂies with data surveyed in Angmubong and Gwangneunguseum of Korea (NSMK) and
um of Korea (NSMK) and Korea Nain the past (Kwon et al., 2010, 2013a, 2013b), it was reported that
abundance and species structure of butterﬂies were changed by
climate changes. Based on survey data on arthropods, a book that
predicted changes in the distribution of ants (Kwon et al., 2011) and
spiders (Kwon et al., 2013b) was published. Using survey data by
the Ministry of Environment, projected changes in distribution and
diversity of aquatic insects were recently reported (Li et al., 2013,
2014).
Ants are now one of the most successful insects in the earth.
Although their history of evolution is short, ants are so widely
distributed that they are everywhere in terrestrial ecosystem
(Hölldobler andWilson,1990). Most ants inhabit in soils, litters, and
dead trees, wandering for food on ground. Due to the ecological
characteristics of their sedentary habit, ants are very probable to be
an environmental biological indicator to monitor environmental
changes. Most studies in this respect were conducted after 1990’s
and studies on the ecology of ants were mainly in the ﬁeld of be-
haviors and sociobiology. Therefore, there were few studies on ants
related to climate changes. Studies on changes on the distribution
of ants were reported on invasive ant species that that are making
globally damages to the environment (Roura-Pascual et al., 2004;
Sutherst and Maywald, 2005; Ward, 2007), and a study on
changes in the altitudinal distribution of Aphaenogaster caused by
temperature rise in high mountains were recently reported
(Warren and Chick, 2013).tional Arboretum (KNA). Production and hosting by Elsevier. All rights reserved.
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bution of species in mountains (Choi, 1985). This phenomenon
appeared with high relation of altitude and temperature (Kwon
et al., 2014): that is, a main factor that determined the distribu-
tion of ants was temperature. Based on this hypothesis, Kwon et al.
(2011) predicted changes in the distribution of 16 species of ants
that inhabit Korea. Any study on effects of climate changes on ant
fauna was not yet reported in Korea and a few studies even in the
world. In this study, effects of climate changes were examined
based on data that were investigated in 1993 and 2009. If tem-
perature in a region is lower than the optimum temperature of a
species and as the temperature rises, the occurrence of the species
will increase; and vices versa. As temperature rises, the species
with high optimum temperature will be more advantageous than
the species with low optimum temperature. The optimum tem-
perature, therefore, has a linear relation with the occurrence
change. In this study, these two predictions were examined.
Materials and methods
Survey sites
Arthropodswere surveyedwith pitfall traps in everymonth at 16
sites (8 sites in the Soribongmountain and 8 sites in the Jukyeopsan
mountain in 1993), inwhich results of carabid beetles (Kwon, 1996)
and Hemiptera (Kwon, 1995) were reported. Data on ants among
surveyed samples were arranged but not yet reported. To compare
with these results, survey was carried out in 8 sites in the Soribong
mountain in the same method in 2009 (Table 1 and Figure 1).
Four sites (SC1, SC2, SC3, and SC4) were coniferous forest while four
sites were (SH1, SH2, SH3, SH4) deciduous forests (Table 1).
Survey methods
Ants were collected with pitfall traps that were installed at
every 1e1.5 m with ﬁve cellophane cups (diameter 7 cm, depth
7 cm) per site, and then collected after one month (Kwon 1995,
1996). Surveys of ants were carried out once per month from
April to October. 5% formalin solution was used as ﬁxatives. Survey
methods were the same in 1993 and 2009.
Identiﬁcation of ants
Ants were identiﬁed with the identiﬁcation key proposed by
Kwon et al. (2012). Except for two species in the Lasius genus, antsTable 1
Environmental factors in eight study sites in the Gwangneung forest. Temperature
was estimated from a regression model that estimated annual average of temper-
ature from latitude, longitude, and altitude (Kwon et al., 2012). In the temperature
model, 10.48825-0.87007*Lt þ 0.25965*Lg-0.00457*Al, where Lt: latitude, Lg:
longitude, and Al: altitude. This model was made from temperature data in 366
forest sites, which was estimated in 30m grad scale for 30 years in Yun (2010). Value
of r2 between estimation of the regression model and original estimation is 0.91.
Species of tree is as follows, Pk: Pinus koraiensis, Pb: P. banksiana, Qs: Quercus serrata,
Qm: Q. momgolica.
Site Tree Stand Altitude
(m)
Aspect Slide Crown
openness
Temperature
(C)
SC1 Pk Plantation 140 East <5 Moderate 10.0
SC2 Pb “ 320 East >10 Closed 9.2
SC3 Pk “ 350 West >10 Moderate 9.1
SC4 Pk “ 140 West <5 Moderate 10.0
SH1 Qm Natural
forest
440 West <10 Moderate 8.7
SH2 Qs “ 260 East <5 Moderate 9.5
SH3 Qs “ 260 East <5 Moderate 9.5
SH4 Qs “ 80 South <5 Moderate 10.3were identiﬁed in the level of species. Lasins japonicus and Lasius
alienus are most abundant in the Lasius genus. Because interme-
diate forms between these two species were frequently found, two
species were identiﬁed by Lasius spp. (japonicus þ alienus). All the
specimens of ants are now preserved in the Forest Ecology Labo-
ratory of Korea Forest Research Institute.
Data analysis
Annual mean temperature at each site was estimated by a sta-
tistical temperature model by Kwon et al. (2012). This model is a
multiple regression model using three variables such as latitude,
longitude, and altitude. This model was based on estimated tem-
perature data of 366 forest sites that were estimated from digital
climate map of the 30 m grid scale. In this model, r2 of the original
values and the values estimated was 0.91. An annual mean tem-
perature at a place (forest), therefore, can be simply estimated with
the precision of 91% using this model. Using annual mean of tem-
perature at the places where 62 species of ants were collected at
366 sites in Korea (Kwon et al., 2012), thermal parameters of each
species were obtained: the range, mid value, and average. Taking
the abundance at the collected places into account, the optimum
value of temperature was calculated by this equation:
OT ¼
Pn
i¼1xi  yijPn
i¼1yij
where OT: optimum temperature, xi: temperature at site i, yij:
occurrence of the species j at site i (occurred traps/total traps).
Comparing the optimum temperature of each species with the
temperature in the Gwangneung forest, whether occurrence would
increase or decrease when the temperature rises was determined
by the method in Figure 2. When the optimum temperature of a
species was lower than the temperature in the Gwangneung forest,
the number of the species would decrease because the temperature
became far from the optimum range of inhabitation as it rose.
When the optimum temperature of a species was higher than the
temperature in the Gwangneung forest, the occurrence would in-
crease because the temperature became close to the optimum
range of inhabitation as it rose. Temperature rise, however, was not
so great (increased by 1 for a hundred years). Effects of tempera-
ture rise would be more apparent in species that their optimum
temperature was much different from the temperature in the
Gwangneung forest. In this study, therefore, prediction was con-
ducted on species that their optimum temperature was beyond the
conﬁdence range of 95% of eight survey sites. The mean annual
temperature of eight survey sites was 9.525C and the 95% conﬁ-
dence range was 9.059w9.991oC (Table 1). It was estimated by
‘stable’ for species that were in the conﬁdence range 95%; ‘decrease’
for species that were under the conﬁdence range; and ‘increase’ for
species that were over the conﬁdence range (Table 3).
Though this survey was carried out in the same method,
changes of abundance could not be estimated by simple compari-
son of number of individuals between 1993 and 2009 because the
number of individuals signiﬁcantly varied every year. In this study,
therefore, the occurrence (number of occurred sites) of collected
species, that is more robust value, was used in analysis. Change in
the occurrence (hereafter, occurrence change) was obtained by the
following equation according to Thomas and Lennon (1999):
Occurrence Change ¼ log (1 þ the occurrence in 2009)  log
(1 þ the occurrence in 1993). The values of the occurrence change
were compared between two groups that were expected to in-
crease and decrease. Difference of the occurrence change between
two groups was tested using Mann-Whitney U test. When the
occurrence change was minus, it was determined by decrease;
Figure 1. Study sites in the Gwangneung forest. Double circles indicate the study sites. Environmental factors in the sites are shown in Table 1.
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crease. And then the frequency of two groups was compared with
the x2-test. In this analysis, the species that the occurrence change
was 0 were excluded. According to temperature rise, species with
the lower optimum temperature are expected to decrease more,
but vice versa in species with the higher optimum temperature.
This prediction was examined using regression analysis, with the
optimum temperature as an independent variable and the occur-
rence change as a dependent variable.
Results and discussion
Table 2 shows number of ants collected in 1993 and 2009
(monthly survey from April to December) in 8 sites (four inconiferous forests and four in deciduous forests) in the Soribong
mountain of the Gwangneung forest. A total of 29 species of ants
were collected: 21 species in 1993, 25 species in 2009. Temnothorax
nassonovi among these species is a species found in highmountains
in cold climate and expected to decrease in the Gwangneung forest
(Table 3). This species was collected in almost all sites in 2009while
it was not found in 1993 (Table 2). Because this result in 1993 was
supposed to be originated by errors in identiﬁcation of ant speci-
mens, this species was excluded in this analysis. These errors are
thought to be caused bymisunderstanding this species as other one
(Pheidole fervida) without any experience of identiﬁcation in 1993.
Due to this reason, Pheidole fervidawas excluded in all analysis. As a
result of regression analysis between occurrence change and opti-
mum temperature, there was no signiﬁcant relation between two
Figure 2. Expected change in occurrence of ant species along with climate warming in
an area. A rectangle indicates temperature range of a species, and a line in the rect-
angle indicates an optimum temperature for the species. Three hatched lines represent
temperatures in three times as climate warms. A species of which optimum temper-
ature is higher than average of temperature in an area will increase in occurrence as
climate warms. Meanwhile, a species of which optimum temperature is equal with
average of temperature will decrease.
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of species that were expected to increase and decrease in the
Gwangneung forest. The occurrence change of the species that
were expected to increase was 0.13  0.05(SE) while that of species
that were expected to decrease was 0.05  0.18: the statistical
signiﬁcance was not found (U ¼ 16, p ¼ 0.31). In the group that was
expected to decrease, the decreased species was more than the
increased species: the increased species was one while the
decrease species were two. In the group that was expected to in-
crease, the number of increased species was more than theTable 2
Number of ants collected in 1993 and 2009. Ants were monthly collected from April to O
Species Korean name 1993
SC1 SC2 SC3 SC4
Aphaenogaster japonica 일본장다리개미 2
Camponotus atrox 홍가슴개미 1 2
Camponotus japonicus 일본왕개미
Camponotus kiusuensis 갈색발왕개미
Camponotus nipponensis 털왕개미
Crematogaster matsumurai 마쓰무라꼬리치에개미
Crematogaster osakensis 노랑꼬리치레개미
Crematogaster vagula 등굽은꼬리치레개미
Cryptone sauteri 장님침개미
Dolichoderus sibiricus 시베리아개미
Formica japonica 곰개미 7
Formica truncorum 트렁크불개미
Hypoponera sauteri 사우터침개미
Lasius spp. (japonicus þ alienus) 고동털개미류 16 5 2
Lasius spathepus 민냄새개미 2
Myrmecina nipponica 가시방패개미
Myrmica kotokui 코토쿠뿔개미
Nylanderia ﬂavipes 스미스개미
N. sakurae 사쿠라개미 1
Pachycondyla chinensis 왕침개미
Pachycondyla javana 일본침개미
Pheidole fervida 극동혹개미 Error during identiﬁcation
Ponera japonica 침개미
Ponera scabra 거치른침개미
Stenamma owstoni 오스톤개미
Strumigenys lewisi 비늘개미 1
Temnothorax nassonovi 낫소노브호리가슴개미 Error during identiﬁcation
Tetramorium caespitum 주름개미
Vollenhovia emeryi 에메리개미 1decreased one: the increased species was 11 while the decreased
species were two (Figure 5). It, however, did not show statistical
signiﬁcance due to small number of species that were expected to
decrease (x2 ¼ 2.44, p ¼ 0.12).
As results of veriﬁcation for three cases of prediction, statistical
signiﬁcance was not found in all the cases. The occurrence change,
however, was consistent with the expected direction in two groups
that were expected to increase and decrease. It tended to more
clearly increase in the species that were expected to increase while
it tended to slightly decrease in the species that were expected to
decrease. In this study, the greatest factor that caused failure to
secure statistical signiﬁcance is thought to be the very small
number of species (three species) that were expected to decrease.
Myrmica kotokui and Camponotus atrox that were expected to
decrease due to the lowest optimum temperature among all the
species decreased while Stenamma owstoni increased (Table 3).
Camponotus atroxwas collected at four sites (SC2, SC3, SH2, SH3) in
2009 while it was collected at 6 sites (SC1, SC3, SH1, SH2, SH3, SH4)
in 1993; and Myrmica kotokui was not collected in 2009 while it
was collected at SH2 in 1993 (Table 2). The SH2 site is located in the
32 forest sector of the Gwangneung forest where the long-term
ecological research sites (LTER) is located in Korea Forest
Research Institute. Although the survey had been carried out at this
site with various methods including pitfall traps, litters and soils
investigation, and direct collection in 2002, 2003, 2004, 2005, 2007,
and 2008, Myrmica kotokui was not found. When Myrmica kotokui
was collected in 1993, monthly survey was carried out at additional
8 sites in the Jukyeopsan mountain (four in coniferous forests and
four in deciduous forests) with 8 sites in Soribong mountain where
was analyzed in this study. Only at SH2 site among a total of 16
sites, four individuals of Myrmica kotokui were collected in 1993.
Myrmica kotokui inhabited the Gwangneung forest in 1993: but it is
supposed that few colonies lived in limited places. Because Myr-
mica kotokui was not found in surveys that were carried out fromctober by pitfall traps (5 traps per each traps).
2009
SH1 SH2 SH3 SH4 SC1 SC2 SC3 SC4 SH1 SH2 SH3 SH4
30 8 6 3 7 26 100 1 67 19 10 38
12 7 12 1 11 9 3 2
1 10 3
2 1
1 1
3 3
1
1
1
1 1
7 48 3 5 2 28 3
2
80 1
2 77 652 3 2 3 8 2 1
4 1 111
1 1 1 2 1
4
3 4 2 10 8
2 3
8 1 8
2 2 1 4 14 2
43 58 1 55 1 61 37 13
3 1
1 1 1
1
1 1
4 16 13 3 6 2 3
1
5 1 9 2
Table 3
Occurrence and temperature ranges of ant species that had been collected in the Gwangneung forest. Data for national occurrence (no of occurred sites) and temperature in
occurred sites is from data of the national ant survey (Kwon et al., 2012) that had been carried out at 366 forest sites. Temperaturemeans annual mean temperature in occurred
sites. Optimum temperature is occurrence-weighted temperature, and its estimation is shown in text.
Species Korean name National
occurrence
Temperature Change in
occurrence
Prediction
Min. Max. Mid Av. Opt.
Aphaenogaster japonica 일본장다리개미 161 6.27 13.54 9.9 9.99 10.06 0.18 Increase
Camponotus atrox 홍가슴개미 51 5.47 11.4 8.43 8.17 8.04 0.15 Decrease
Camponotus japonicus 일본왕개미 68 7.96 13.6 10.78 10.99 11.15 0.18 Increase
Camponotus kiusuensis 갈색발왕개미 52 6.68 13.05 9.87 10.24 10.42 0.00 Increase
Camponotus nipponensis 털왕개미 18 7.7 12.09 9.9 9.72 9.81 0.48 Stable
Crematogaster matsumurai 마쓰무라꼬리치레개미 17 9.68 12.69 11.18 11.14 10.93 0.48 Increase
Crematogaster osakensis 노랑꼬리치레개미 98 7.6 14.21 10.91 11.53 11.57 0.30 Increase
Crematogaster vagula 등굽은꼬리치레개미 27 8.78 13.1 10.94 11.45 11.33 0.30 Increase
Cryptone sauteri 장님침개미 31 6.16 13.5 9.83 10.1 10.02 0.30 Increase
Dolichoderus sibiricus 시베리아개미 11 8.24 12.84 10.54 9.92 9.88 0.48 Stable
Formica japonica 곰개미 81 3.21 13.6 8.4 9.61 9.22 0.18 Stable
Formica truncorum 트렁크불개미 0 0.30
Hypoponera sauteri 사우터침개미 2 11.4 13.32 12.36 12.36 12.77 0.00 Increase
Lasius spathepus 민냄새개미 30 6.76 12.61 9.69 10.04 9.8 0.30 Stable
Lasius spp. (japonicus þ alienus) 고동털개미류 162 6.42 14.21 10.31 10.43 10.78 0.12 Increase
Myrmecina nipponica 가시방패개미 86 4.34 13.6 8.97 10.02 10.12 0.12 Increase
Myrmica kotokui 코토쿠뿔개미 60 3.21 11.4 7.3 7.13 6.75 0.30 Decrease
Nylanderia ﬂavipes 스미스개미 287 6.42 14.21 10.31 10.7 10.76 0.12 Increase
N. sakurae 사쿠라개미 2 7.96 11.65 9.81 9.81 9.9 0.60 Stable
Pachycondyla chinensis 왕침개미 52 7.9 14.21 11.05 11.92 12.19 0.18 Increase
Pachycondyla javana 일본침개미 253 7.6 14.21 10.91 11.07 11.29 0.00 Increase
Pheidole fervida 극동혹개미 217 5.22 14.09 9.66 10.23 10.01 0.05 Increase
Ponera japonica 침개미 6 7.61 11.81 9.71 9.51 9.39 0.48 Stable
Ponera scabra 거치른침개미 41 7.06 13.5 10.28 10.23 10.27 0.18 Increase
Stenamma owstoni 오스톤개미 20 3.96 12.48 8.22 7.94 7.7 0.30 Decrease
Strumigenys lewisi 비늘개미 90 7.7 14.21 10.96 11.09 11.2 0.18 Increase
Temnothorax nassonovi 낫소노브호리가슴개미 25 6.42 11.59 9 8.8 8.68 Decrease
Vollenhovia emeryi 에메리개미 85 4.88 14.21 9.55 10.52 10.7 0.40 Increase
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forest after 2000’s. Though this species is very abundant in high
mountains above the altitude 800 m, it is expected to gradually
decrease and almost disappear in 50 years as temperature rises and
(Kwon et al., 2011). Butterﬂies in the Maculinea genus are a rare
species that is absolutely dependent on nursing of Myrmica ants
(Choi and Kim, 2012; Elmes et al., 1998; Thomas et al., 1998).
Reduction inMyrmica in high mountains due to temperature rise is
expected to threaten the survival of butterﬂies in the Maculinea
genus.Figure 3. Change in occurrence according to optimum temperature in ant species in
the Gwangneung forest. Data for this ﬁgure is shown in Table 3. Change in occurrence
is calculated by log (1 þ no of occurrence in 2009) minus log (1 þ no of occurrence in
1993) following Thomas and Lennon, (1999). In a regression analysis, F1, 24 ¼ 0.287,
p ¼ 0.59.Comparing changes in butterﬂy fauna in the Gwangneung be-
tween the present forest and 50 years ago, effects of climate
changes on abundance and species structure were apparent (Kwon
et al., 2010; Kwon et al., 2013a). In these studies, it was possible to
verify hypotheses because 35 species were expected to decrease
while 12 species were expected to increase as temperature rose. InFigure 4. Change in occurrence according to expectation of occurrence in ant species
in the Gwangneung forest. Occurrence (no of occurred sites) and optimum tempera-
ture is shown in Tables 2 and 3, respectively. The values of the change is mean with SE
(n ¼ 17 in increase, n ¼ 3 in decrease). Change in occurrence is calculated by log
(1 þ no of occurrence in 2009) minus log (1 þ no of occurrence in 1993) following
Thomas and Lennon (1999). Occurrence is predicted from optimum temperature of a
species and temperature (average, 95% conﬁdence interval) in the Gwangneung forest
using a method of Figure 2. The prediction of occurrence in each species is represented
in Table 3. In the Mann-Whitney U test, U ¼ 16, p ¼ 0.31.
Figure 5. No of decreased species and increased species in occurrence in 2009
compared with that in 1993. Decrease in the ﬁgure means minus value of change in
occurrence and increase means plus value (Table 3). In x2 test, x2 ¼ 2.44, p ¼ 0.12.
TS Kwon / Journal of Asia-Paciﬁc Biodiversity 7 (2014) 219e224224the case of ants, however, the small number of species (cold
adapted species with low optimum temperature) was the
greatest obstacle to verify effects of climate changes. In the
lowlands of South Korea, cold adapted species with low opti-
mum temperature was a few or were not nearly found (Kwon
et al., 2012). To verify effects of climate changes on ant fauna,
therefore, it is advantageous to investigate it in highlands of the
altitude more than 800 m where these species frequently
appear. As results of analysis on patterns of diversity of ants in
high mountains of Korea, the temperature was a factor that
determined the diversity of ants (Kwon et al., 2014). Similar
results were obtained in the results of studies on the distribu-
tion of ants along altitudinal gradient in the Great Smorky
Mountains National Park of the USA (Sanders et al., 2007). Rise
in the temperature, therefore, is expected to bring great changes
in the distribution of ants. The diversity of ants reached the
maximum value near the altitude 100 m and decreased linearly
as the altitude increases in Korea (Kwon unpublished data).
Because the distribution of ants gradually moves to high alti-
tude as temperature rises, it is expected to change to the
pattern of bells that the diversity is the greatest in the inter-
mediate altitude (Kwon unpublished data). The pattern of bells
more frequently appeared in the tropical regions than the
temperate regions (Kwon et al., 2014). Even though it is
generally expected that warm-adapted species increase while
cold-adapted species decrease as temperature rises, this change
is relative according to the temperature of districts. A species
will increase in districts where the temperature is lower than its
optimum one while decrease in districts where the temperature
is higher than its optimum one. In this study, the prediction of
the occurrence change due to climate changes was done in this
respect. Along a temperature gradient from low temperature
districts to high temperature districts in forests of Korea,
dominant ants change in a series from Myrmica species such as
Myrmica kotokui and M. kurokii followed by Aphaenogaster
japonica and Nylanderia falvipes (Kwon and Lee, 2013). Myrmica
kotokui occupied a dominant species in districts of low tem-
perature; Alphaenogaster japonica in district of intermediate
temperature; and Nylanderia falvipes in districts of high tem-
perature. Nylanderia falvipes was not abundantly found while
Alphaenogaster japonica was abundantly found in the Gwang-
neung forest (Table 2). Changes in the dominant species will beoccurring as Alphaenogaster japonica will gradually decrease
while Nylanderia falvipe increases.References
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